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(54) Glass plate with glass frit structure

(57)  Alight emitting device includes: a first substrate;
a second substrate; a light emitting unit interposed be-
tween the first substrate and the second substrate; and
a sealing material bonding the first substrate to the sec-
ond substrate and sealing the light emitting unit. The seal-
ing material comprises V*4. In addition, a glass frit, a
composition for forming a sealing material, and a method
of manufacturing a light emitting device using the com-

FIG.

position for forming a sealing material are provided to
obtain the light emitting device. The sealing material of
the light emitting device can be easily formed by coating
and irradiation of electro-magnetic waves, so that man-
ufacturing costs are low and deterioration of the light emit-
ting unit occurring when sealing material is formed can
be substantially prevented. The sealing material has
good sealing properties and thus a light emitting device
including the sealing material has a long lifetime.
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Description
BACKGROUND
Field

[0001] The present invention relates to a glass frit for
use in packaging light emitting display devices.

Description of the Related Art

[0002] Electronic devices, such as an organic light
emitting device, an electron emission device, or a display
panel, deteriorate due to the permeation of water and/or
oxygen therein. As a result, such electronic devices are
necessarily encapsulated to operate stably and to have
a long lifetime.

[0003] For such encapsulation of the electronic devic-
es, a metallic can or glass is processed into a cap shape
having a groove, and then a water-drying agent that ab-
sorbs water is loaded in the groove in a form of a powder,
or the water-drying agent is processed into a film and
then attached using a double-sided tape.

[0004] Japanese Patent Laid-open Publication No.
9-148066 discloses an organic light emitting display de-
vice including a stack structure of an organic light emitting
layer formed of an organic compound interposed be-
tween a pair of facing electrodes, wherein the stack struc-
ture of the organic light emitting layer is encapsulated
from external air by a sealing container, and an alkali
metal oxide acting as a drying agent is disposed within
the sealing container. However, the organic light emitting
display device is thick due to the formation of the sealing
container. In addition, even when the drying agent ab-
sorbs water and stays in a solid state, the solid drying
agent becomes opaque, which is not suitable for a front
emission type display device.

[0005] US Patent No. 6,226,890 discloses an organic
light emitting device using a water absorbing layer which
is prepared using a water absorbing agent including a
solid particle having a particle size of 0.1-200pm and a
binder.

[0006] However, organic light emitting devices manu-
factured using these encapsulating methods do not
achieve a desired lifetime. Accordingly, there is a need
to improve such encapsulating methods.

SUMMARY

[0007] One aspect of the invention provides a glass frit
as set out in claim 1. Preferred features of this aspect of
the invention are set outin Claims 2 to 24. Other aspects
of the invention also provide a glass frit device as set out
in Claim 25 or 26; a method of manufacturing a glass frit
device as setout in Claim 7; a method of making a display
device as set out in Claim 28 or 29; and a display device
as set out in claim 30.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The above and other features and advantages
of the present invention will become more apparent by
making reference to the following embodiments thereof
which are described with reference to the attached draw-
ings in which:

[0009] FIG.1 is a schematic sectional view of a light
emitting device according to an embodiment of the
present invention;

[0010] FIG. 2 is a schematic sectional view of one of
a plurality of light emitting units of the light emitting device
of FIG. 1, according to an embodiment of the present
invention;

[0011] FIGS. 3A through 3G are views illustrating a
method of manufacturing a light emitting device accord-
ing to an embodiment of the present invention;

[0012] FIG. 4 is a graph illustrating light transmission
of a heat-treated composition for forming a sealing ma-
terial (heat treatment under N, atmosphere) obtained ac-
cording to Example 1 according to an embodiment of the
present invention and a heat-treated composition for
forming a sealing material (heat treatment under an air
atmosphere) obtained according to Comparative Exam-
ple 1;

[0013] FIG. 5 is an image illustrating a seal with of a
sealing material obtained according to Example 2, ac-
cording to an embodiment of the present invention;
[0014] FIG. 6A is an image illustrating a lifetime prop-
erty of an organic light emitting device obtained according
to Example 2, according to an embodiment of the present
invention; and

[0015] FIG. 6B is an image illustrating a lifetime prop-
erty of an organic light emitting device obtained according
to Comparative Example 2, according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Various embodiments of the present invention
will now be described more fully with reference to the
accompanying drawings.

[0017] A glass frit, which is an oxide including at least
one kind of an ion, according to an embodiment of the
present invention, includes V*4. The V*+4 of the glass frit
absorbs electro-magnetic waves having various wave-
lengths, so that the glass frit having the V+4 can be sof-
tened by irradiation of electro-magnetic waves. For ex-
ample, the V*4 can absorb laser light having awavelength
of 810 nm.

[0018] The glass frit can further include other ions, in
addition to the V*4. For example, the glass frit can include
at least one ion selected from the group consisting of
V+5 Bat*2, Zn*2, Te*4, Fe*3, Cu*2, Nd*2, K*1, Sb*3, P*5,
Ti*2, AI*3, B+3, W*6, Sn*2 Bi+3, Ca*2, Si*4, Zr™4, and
Mg*2. However, the glass frit is not limited thereto.
[0019] In particular, the glass frit can further include
V+5, Ba*2, Zn*2, and Te*4; or the glass frit can further
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include Ba*2, Zn*2, and Te*4.

[0020] Some of the ions included in the glass frit can
be induced from a reductant that reduces V+*5 included
in the glass frit into V+4. For example, Al*3, Sn*2, Mg*2,
Cu*2, or a Zn*2 can be induced from Al, Sn, Mg, Cu, or
Zn, which are reductants that reduce V*° included in the
glass frit into V+4 and are added when the glass frit is
manufactured. In addition, the reductant that reduces V*5
included in the glass frit into V*4 can also be C (carbon).
When the reductant is C, a small amount of organic ma-
terials can remain in the glass frit.

[0021] The glass fritmay have an average particle size
of 0.1um-30pum, more specifically, 0.5um-15um to ef-
fectively absorb electro-magnetic waves. The largest
particle size of the glass frit may be in the range of 1um-
150p.m, more specifically, 3pm-30p.m.

[0022] A method of manufacturing the glass frit having
V+4 described above will now be described in detail.
[0023] An oxide, such as V,05, and a reductant that
reduces V*5 into V*4 are mixed. The oxide can be V,0s,
BaO, ZnO, TeO,, Fe,04, CuO, NdO, K,0, Sb,04, P,05,
TiO, Al,O3, B,O3, WOg, SnO, Bi, O3, Ca0, SiO,, or ZrO,,
not limited thereto. The reductant can be Al, Sn, Mg, Cu,
Zn, or C, however, the reductant is not limited thereto.
[0024] Then, the mixture of the reductant and the oxide
is heat treated in a melting pot. The heat treatment tem-
perature may vary according to the kind and amount of
oxide and reductant that are to be melted. For example,
the heat treatment can be performed at approximately
600°C - 1200°C for 10 - 240 minutes. The melted product
is cooled to yield glass and then the glass is ground to
obtain a glass frit having V+4. The glass frit having V*4
may be included in a composition for forming a sealing
material of a light emitting device. The glass frit having
V+4 has been described.

[0025] The composition for forming a sealing material
of a light emitting device includes the glass frit having
V+4, and thus the composition can absorb electro-mag-
netic waves in the wavelength range of 200 nm -10,000
nm. Accordingly, the composition for forming a sealing
material of a light emitting device can be effectively sof-
tened by irradiation of electro-magnetic waves in the
wavelength range of 200 nm-10,000 nm.

[0026] Whenthe composition for forming a sealing ma-
terial is softened by irradiation of electro-magnetic
waves, the volume of the composition for forming a seal-
ing material of a light emitting device can be increased
and thus, a sealing material having good sealing prop-
erties may not be obtained. Accordingly, the composition
for forming a sealing material of a light emitting device
may further include a filler that lowers a thermal expan-
sion coefficient.

[0027] The filler that lowers a thermal expansion coef-
ficient can be a zirconium-tungsten-phosphate based fill-
er; azirconium-phosphate based filler, such as zirconium
phosphate; a zirconium-based filler, such as zirconium;
an eucrytite-based filler, such as pB-eucrytite; a cordierite-
based filler; alumina; silica; zinc silicate; aluminum titan-
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ate; or a combination of at least two of these, however,
the filler is not limited thereto.

[0028] More specifically, the zirconium-tungsten-
phosphate based filler can be (Zry(WO,4)(PO,),), how-
ever, the filler is not limited thereto.

[0029] Thefillerincluded in the composition for forming
a sealing material of a light emitting device may be sof-
tened by irradiation of electro-magnetic waves. In terms
of the softening of the filler, the average particle diameter
of the filler may be in the range of 0.1pm - 30pm, more
specifically, 0.5um - 15um. The largest particle diameter
of the filler may be in the range of 1um - 150m, more
specifically, 3pm - 30pnm.

[0030] The thermal expansion coefficient of the com-
position for forming a sealing material of a light emitting
device may be in the range of 25 x 10-7/°C - 95 x 10-7/
°C, more specifically, 35 x 10-7/°C - 65 x 10-7/°C. There-
fore, a misalignment of substrates due to a change in
volume of the composition resulting from irradiation of
electro-magnetic waves when the sealing materials of
the light emitting device are formed can be prevented.
[0031] The amount of filler may be determined in con-
sideration of the thermal expansion coefficient range and
a sufficient amount of glass frit that is required. For ex-
ample, the amount of filler may be in the range of 5 parts
by weight - 80 parts by weight, more specifically, 20 parts
by weight - 60 parts by weight, based on 100 parts by
weight of the total amount of glass frit and filler.

[0032] The composition for forming a sealing material
of a light emitting device may further include a vehicle so
as to obtain sufficient printing, viscosity, and flowing prop-
erties. The vehicle can be an organic material so that the
vehicle can decompose when the composition for form-
ing a sealing material of a light emitting device is loaded
onto a substrate and then heat treated.

[0033] For example, the vehicle may include a resin
and a solvent. The resin may include at least one resin
selected from the group consisting of an acryl-based res-
in, a methacryl-based resin, a vinyl-based resin, an
epoxy-based resin, a urethane-based resin, and a cellu-
lose-based resin. However, the resin is not limited there-
to. The solvent may include at least one compound se-
lected from the group consisting of terpinol, dihydro ter-
pinol, butylcarbitolacetate, butyl carbitol, and 2,2,4-trime-
thyl- 1,3-pentadiol monobutyrate. However, the solvent
is not limited thereto.

[0034] More specifically, the acryl-based resin of the
vehicle can be butylacrylate or ethylhexylacrylate; the
methacryl-based resin of the vehicle can be propyleneg-
lycolmethacrylate or tetrahydrofurfuryl methacrylate; the
vinyl-based resin of the vehicle can be vinylacetate, N-
vinylpyrrolidone; the epoxy-based resin of the vehicle can
be cycloaliphatic epoxide or epoxy acrylate; the ure-
thane-based resin of the vehicle can be urethane acr-
ylate; and the cellulose-based resin of the vehicle can be
ethylcellulose or cellulosenitrate. However, these resins
of the vehicle are not limited thereto.

[0035] The amount of vehicle of the composition may
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be determined in consideration of printing, viscosity, and
flowing properties of the composition for forming a seal-
ing material of a light emitting device. For example, the
amount of vehicle of the composition may be in the range
of 10 parts by weight - 60 parts by weight, more specifi-
cally, 20 parts by weight - 50 parts by weight based on
100 parts by weight of the composition for forming a seal-
ing material of a light emitting device.

[0036] Another composition for forming a sealing ma-
terial of a light emitting device according to another em-
bodiment of the present invention includes a glass frit
having V*° and a filler. In this case, the filler of the com-
position can be a zirconium-tungsten-phosphate based
filler.

[0037] Inthe current embodiment, the term, "the glass
frit having V*5" means a glass frit which does not include
V+4, The sealing material of the light emitting device nec-
essarily includes V*4, however, the sealing material can
include the V*4 obtained according to various methods.
For example, as described above, the glass frit itself may
include the V*4. Alternatively, even when a glass frit does
notinclude V*4, V*5 can be reduced into the V*4 by using
a reductant or by performing a heat treatment in a reduc-
ing atmosphere. In detail, even when the composition for
forming a sealing material of a light emitting device in-
cluding the glass frit having the V*5 and the filler includes
a glass frit that does not include V*+4, the V*4 can be
obtained by using a reductant or by performing a heat
treatment in a reducing atmosphere.

[0038] The glass frit having V*° of the composition for
forming a sealing material of a light emitting device may
further include at least one ion selected from the group
consisting of a Ba*2, Zn*2, Te*4, Fe*3, Cu*2, Nd*2, K*1,
Sb*3, P*5, Ti*2, AI*3, B*3, W*6, Sn*2, and Bi*3, Ca*2,
Sit4, Zrt4, and Mg*2. However, the glass frit having V+5
is not limited thereto.

[0039] More specifically, the glass frit having V*5 may
include a Ba*2, Zn*2, and Te*4.

[0040] The glass frit having V*5 may have an average
particle diameter of 0.1um - 30pum, more specifically,
0.5um - 15um so as to effectively absorb electro-mag-
netic waves. The largest particle diameter of the glass
frit having V*® may be in the range of 1um - 150um, more
specifically, 3pm - 30pm.

[0041] The zirconium-tungsten-phosphate based filler
included in the composition for forming a sealing material
can be (Zry(WO,)(PQO,),), however, the zirconium-tung-
sten-phosphate based filler is not limited thereto.
[0042] The composition for forming a sealing material
of a light emitting device may further include a filler se-
lected from a zirconium-phosphate based filler, such as,
zirconium phosphate; a zirconium-based filler, such as
zirconium; an eucrytite-based filler, such as p-eucrytite;
a cordierite-based filler; alumina; silica; zinc silicate; and
aluminum titanate, however, the filler is not limited there-
to.

[0043] Thefillerincluded in the composition forforming
a sealing material of a light emitting device may be sof-
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tened by irradiation of electro-magnetic waves. In terms
of the softening of the filler, the average particle diameter
of the filler may be in the range of 0.1pum - 30pm, more
specifically, 0.5um -1 5u.m. The largest particle diameter
of the filler may be in the range of 1um - 150um, more
specifically, 3pm - 30pnm.

[0044] A thermal expansion coefficient of the compo-
sition for forming a sealing material of a light emitting
device may be in the range of 25 x 10-7/°C - 95 x 107/
°C, more specifically, 35 x 10-7/°C - 65 x 10-7/°C. There-
fore, a misalignment of substrates due to a change in
volume of the composition resulting from irradiation of
electro-magnetic waves when the sealing material of the
light emitting device are manufactured can be prevented.
[0045] The amount of filler may be determined in con-
sideration of the thermal expansion coefficient range and
a sufficient amount of glass frit that is required. For ex-
ample, the amount of filler may be in the range of 5 parts
by weight - 80 parts by weight, more specifically, 20 parts
by weight - 60 parts by weight, based on 100 parts by
weight of the total amount of glass frit and filler.

[0046] The composition for forming a sealing material
of a light emitting device including a glass frit having V*+5
and afiller may further include a reductant. The reductant
reduces the V*+5 into V*4. The composition for forming a
sealing material of a light emitting device is coated on a
substrate, heat treated, and then subjected to irradiation
of electro-magnetic waves. When the composition is heat
treated, the V*3 of the glass frit can be reduced into V*4
by the reductant included in the composition for forming
a sealing material.

[0047] The reductant of the composition can be Al, Sn,
Mg, Cu, Zn, or C, however, the reductant of the compo-
sition is not limited thereto. The amount of reductant may
vary according to the amount of glass frit, and the heat
treatment temperature of the composition and heat treat-
ment time of the composition for forming a sealing ma-
terial of a light emitting device may vary, and the amount
of reductant of the composition can be in the range of
approximately 0.01 parts by weight - 20 parts by weight,
more specifically, 0.1 parts by weight - 2 parts by weight,
based on 100 parts by weight of the glass frit.

[0048] The composition for forming a sealing material
of a light emitting device may further include a vehicle so
as to obtain sufficient printing, viscosity, and flowing prop-
erties. The vehicle of the composition can be an organic
material so that the vehicle of the composition can de-
compose when the composition for forming a sealing ma-
terial of a light emitting device is loaded onto a substrate
and then heat treated.

[0049] For example, the vehicle of the composition
may include a resin and a solvent. The resin of the vehicle
may include at least one resin selected from the group
consisting of an acryl-based resin, a methacryl-based
resin, a vinyl-based resin, an epoxy-based resin, a ure-
thane-based resin, and a cellulose-based resin. Howev-
er, the resin of the vehicle is not limited thereto. The sol-
vent of the vehicle may include at least one compound
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selected from the group consisting of terpinol, dihydro
terpinol, butylcarbitolacetate, butyl carbitol, and 2,2,4-tri-
methyl-1,3-pentadiol monobutyrate. However, the sol-
vent of the vehicle is not limited thereto.

[0050] Some of the vehicles described above can act
as a reductant that reduces V*3 into V*4,

[0051] More specifically, the acryl-based resin can be
butylacrylate or ethylhexylacrylate; the methacryl-based
resin can be propyleneglycolmethacrylate or tetrahydro-
furfuryl methacrylate; the vinyl-based resin can be viny-
lacetate, N-vinylpyrrolidone; the epoxy-based resin can
be cycloaliphatic epoxide or epoxy acrylate; the ure-
thane-based resin can be urethane acrylate; and the cel-
lulose-based resin can be ethylcellulose or celluloseni-
trate. However, these resins are not limited thereto.
[0052] The amount of vehicle may be determined in
consideration of printing, viscosity, and flowing proper-
ties of the composition for forming a sealing material of
a light emitting device. For example, the amount of ve-
hicle may be in the range of 10 parts by weight - 60 parts
by weight, more specifically, 20 parts by weight - 50 parts
by weight, based on 100 parts by weight of the compo-
sition for forming a sealing material of a light emitting
device.

[0053] As described above, the composition for form-
ing a sealing material including a glass frit having V+4,
and the composition for forming a sealing material includ-
ing a glass frit having V*2 ion can be used to form a
sealing material that encapsulate an electronic device,
such as an organiclight emitting device, an electron emis-
sion device, or a plasma display panel, so as to prevent
permeation of oxygen and/or water therein.

[0054] However, the glass frit having V+4 ion of the
composition for forming a sealing material including a
glass frit having V*4 ion can further include V*5 ion in
addition to the V*4ion. Accordingly, as required, the com-
position for forming a sealing material including a glass
frit having V*4 ion can further include a reductant which
can be added to the composition for forming sealing ma-
terials including a glass frit having V*3, so that residual
V*5 can be additionally reduced.

[0055] A light emitting device according presentinven-
tion includes a first substrate; a second substrate; a light
emitting unit interposed between the first substrate and
the second substrate; and a sealing material bonding the
first substrate to the second substrate and sealing the
light emitting unit, wherein the sealing material includes
V4,

[0056] FIG. 1 is a schematic sectional view of a light
emitting device 10 including a plurality of light emitting
units 13 such as organic light emitting units, according
to an embodiment of the present invention.

[0057] Referring to FIG. 1, the light emitting device 10
includes a first substrate 11, a second substrate 15, and
the light emitting units 13 formed on the first substrate
11. In the light emitting device 10 of FIG. 1, the second
substrate 15 acts as an encapsulation substrate. Each
of a plurality of sealing materials 18 bonding the first sub-
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strate 11 to the second substrate 15 and sealing each of
the light emitting units 13 are interposed between the first
substrate 11 and the second substrate 15. Each of the
sealing materials 18 includes V*4.

[0058] The first substrate 11 can be any substrate that
is commercially used in light emitting devices. For exam-
ple, the first substrate 11 can be a glass substrate, a
metallic substrate, a plastic substrate, or the like, how-
ever, the first substrate 11 is not limited thereto.

[0059] The light emitting units 13 are formed on the
first substrate 11.

[0060] FIG. 2 is a schematic sectional view of one of
the light emitting units 13 of the light emitting device 10
of FIG. 1, according to an embodiment of the present
invention. More specifically, the light emitting units 13 are
of an active matrix (AM) type.

[0061] Referring to FIG. 2, a buffer layer 41 is formed
on the substrate 11 in order to flatten the substrate 11
and to prevent permeation of impure atoms. The buffer
layer 41 can be formed of at least one of SiO, and SiNXx,
however, the buffer layer 41 can be formed of other ma-
terials.

[0062] A thinfilm transistor (TFT) is formed on the sub-
strate 11 and can be comprised in each pixel of the light
emitting device 10.

[0063] More specifically, a semiconductor layer 42
having a predetermined pattern is formed on the buffer
layer 41. The semiconductor layer 42 may be formed of
an inorganic semiconducting material, such as an amor-
phous silicon or a poly silicon, or an organic semicon-
ducting material, such as pentacene, and may include a
source region, a drain region, and a channel region.
[0064] A gate insulating layer 43 formed of SiO, or
SiNx is formed on the semiconductor layer 42, and a gate
electrode 44 is formed on the gate insulating layer 43.
The gate electrode 44 may be formed of MoW or Al/Cu,
however, the gate electrode 44 can be formed of other
materials. The material of the gate electrode 44 can be
determined in consideration of an adherence of the gate
electrode 44 with an adjacent layer, flatness of a layer
thatis to-be-deposited on the gate electrode 44, electrical
resistance of the gate electrode 44, and processability
of the gate electrode 44. The gate electrode 44 is con-
nected to a gate line that applies a TFT on/off signal (not
shown).

[0065] An interlayer insulating layer 45 is formed on
the gate electrode 44, and a source electrode 46 and a
drain electrode 47 are formed on the interlayer insulating
layer 45. The source electrode 46 and the drain electrode
47 can be formed of Au; Pd; Pt; Ni; Rh; Ru; Ir; Os; Al;
Mo; an alloy formed of at least two kinds of metals, such
as an Al:Nd alloy or a MoW alloy; or a metal oxide, such
as|TO, 1Z0, NiO, Ag,0, In,03-Ag,0, CuAIO,, SrCu,0,,
or Zr-coated ZnO, however, the source electrode 46 and
the drain electrode 47 are not limited thereto. In addition,
the source electrode 46 and the drain electrode 47 can
be formed of a combination of at least two selected from
the metals and metal oxides described above.
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[0066] The source electrode 46 and the drain electrode
47 are electrically connected to the source and drain re-
gions of the semiconductor layer 42 through a contact
hole, respectively. A passivation layer 48 is formed on
the TFT described above.

[0067] The passivation layer 48 may include at least
one of an inorganic and an organic material. The inor-
ganic material can be SiO,, SiNx, SiON, Al,O5, TiO,,
Ta,0g, HfO,, ZrO,, BST, or PZT. The organic material
can be a polymer, such as PMMA or PS; a polymer de-
rivative including a phenol group; an acryl-based poly-
mer; an imide-based polymer; an arylether-based poly-
mer; an amide-based polymer; a fluoride-containing pol-
ymer; a p-xylene-based polymer; a vinylalcohole-based
polymer; or a blend of these, however, the organic ma-
terial is not limited thereto. The passivation layer 48 may
have a composite stack structure consisting of an inor-
ganic insulating layer and an organic insulating layer.
[0068] A first electrode 51 acting as an anode of an
organic light emitting unit 50 is formed on the passivation
layer 48. Thefirst electrode 51 of the organiclight emitting
unit 50 can be a transparent electrode formed of, for ex-
ample, a material having a high work function, such as
ITO, 1Z0O, ZnO, or In203. Alternatively, the first electrode
51 of the organic light emitting unit 50 can be a reflective
electrode formed by forming a reflective layer formed of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or a combi-
nation of these, and then depositing ITO, 120, ZnO, or
In,O4, each of which has a high work function, on the
reflective layer of the reflective electrode. The first elec-
trode 51 of the organic light emitting unit 50 is electrically
connected to the drain electrode 47 of the TFT described
above.

[0069] A pixel define layer 49 is formed on the first
electrode 51. The pixel define layer 49 exposes a part of
the first electrode 51 and has an opening defining where
an organic layer 52 of the organic light emitting unit 50
is formed. The organic layer 52 of the organic light emit-
ting unit 50 is formed in the opening defined by the pixel
define layer 49 and a second electrode 53 acting as a
cathode of the organic light emitting unit 50 is formed on
the organic layer 52.

[0070] The organiclayer 52 thatis interposed between
the first electrode 51 and the second electrode 53 emits
light by an electrical operation of the first electrode 51
and the second electrode 53. The organic layer 52 may
be formed with a low molecular weight or high molecular
weight organic material. The organic layer 52 may in-
clude at least one layer selected from the group consist-
ing of a hole injection layer, a hole transport layer, an
electron blocking layer, an emission layer, a hole blocking
layer, an electron transport layer, and an electron injec-
tion layer, as required. The low molecular weight organic
material of the organic layer 52 can be copper phthalo-
cyanine (CuPc), N,N’-Di naphthalene-1-yl -N,N’-diphe-
nyl-benzidine (NPB), tris-8-hydroxyquinoline aluminum
(Alg3), or the like, however, the low molecular weight
organic material of the organic layer 52 is not limited
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thereto. The high molecular weight organic material of
the organic layer 52 can be poly- 2,4 -ethylene-dihydroxy
thiophene (PEDOT), polyaniline (PANI), or the like, how-
ever, the high molecular weight organic material of the
organic layer 52 is not limited thereto. The organic layer
52 can be formed by various other methods, such as
deposition, LITI (Laser Induced Thermal Imaging), inkjet
printing, or spin coating.

[0071] The second electrode 53 can be a transparent
electrode or reflective electrode formed of a material hav-
ing a low work function, such as Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, or Ca. In addition, an assistant electrode
or bus electrode line can be further in addition to the
transparent electrode or the reflective electrode using a
transparent conductive material, such as ITO, 1ZO, ZnO,
or In,O3.

[0072] A protective layer (not shown) can be further
formed on the second electrode 53 to provide resistance
to heat, and chemical materials, and the permeation of
water, so that the permeation of water and/or oxygen into
the organic layer 52 can be additionally prevented. The
protective layer may have various other structures. For
example, the protective layer may include an inorganic
layer or include an alternative structure of an inorganic
layer and an organic layer.

[0073] The inorganic layer of the protective layer may
include at least one oxide selected from the group con-
sisting of silicon nitride, aluminum nitride, zirconium ni-
tride, titanium nitride, hafnium nitride, tantalum nitride,
silicon oxide, aluminum oxide, titanium oxide, tin oxide,
cerium oxide, and silicon oxide nitride (SiON). However,
the inorganic layer can be formed of other materials.
[0074] The organic layer of the protective layer can be
formed of a crosslinked product of a benzocyclobutene
ring-containing compound or hydrosilsesquioxane, how-
ever, the organic layer of the protective layer can be
formed of other materials.

[0075] Theinorganiclayerand organic layer of the pro-
tective layer are described in detail in Korean Patent Laid-
open Publication No. 2005-0077919.

[0076] One of the light emitting units 13 of the light
emitting device 10 according to an embodiment of the
present invention has been described with reference to
FIG. 2, however, the light emitting units 13 of the light
emitting device 10 can have various other structures.
[0077] Inthe lightemitting device 10 of FIG. 1, the sec-
ond substrate 15 can be an encapsulation substrate such
as a glass substrate or a transparent plastic substrate.
When the second substrate 15 is a plastic substrate, a
protective film can be formed on an inner surface of the
plastic substrate in order to prevent the permeation of
water. The protective film of the transparent plastic sub-
strate has a resistance to heat, and chemical materials,
and prevents the permeation of water. When the encap-
sulation substrate of the second substrate 15 is formed
of a transparent material, such a structure is suitable for
a front emission type light emitting device.

[0078] The sealing materials 18 bond thefirstsubstrate
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11 to the second substrate 15 and seal the light emitting
units 13, in particular, to prevent the permeation of oxy-
gen and water into the light emitting units 13 by being
interposed between the first substrate 11 and the second
substrate 15.

[0079] Each of the sealing materials 18 includes V*4.
The V+4 of each of the sealing materials 18 can effectively
absorb electro-magnetic waves in the wavelength range
of 200 nm-10,000 nm, such as ultraviolet rays, visible
rays, orinfraredrays. In terms of the absorption of electro-
magnetic waves, the amount of V*4 included in each of
the sealing materials 18 may be in the range of 0.001
mol% - 50 mol%, more specifically, 0.01 mol% - 30 mol%.
The sealing materials 18 can be formed using a laser or
a light-emitting lamp. The laser or the light-emitting lamp
that is used to form the sealing materials 18 can selec-
tively irradiate electro-magnetic waves to an area in
which the sealing materials 18 are each formed, so that
the light emitting units 13 of the light emitting device 10
do not substantially deteriorate when the sealing mate-
rials 18 are formed.

[0080] Each of the sealing materials 18 may further
include a filler.
[0081] The filler of each of the sealing materials 18

lowers the thermal expansion coefficient of the compo-
sition for forming the sealing materials.

[0082] Thefiller of each of the sealing materials 18 can
be a zirconium-tungsten-phosphate based filler; a zirco-
nium-phosphate based filler, such as zirconium phos-
phate; a zirconium-based filler, such as zirconium; an
eucrytite-based filler, such as B-eucrytite; a cordierite-
based filler; alumina; silica; zinc silicate; aluminum titan-
ate; or a combination of at least two of these, however,
the filler of each of the sealing materials 18 is not limited
thereto.

[0083] More specifically, the zirconium-tungsten-
phosphate based filler can be (Zry(WO,4)(PO,),), how-
ever, the zirconium-tungsten-phosphate based filler is
not limited thereto.

[0084] The filler of each of the sealing materials 18
may be softened by irradiation of electro-magnetic
waves. In terms of the softening of the filler, the average
particle diameter of the filler is in the range of 0.1pum -
30pm, more specifically, 0.5um - 15um. The largest par-
ticle size of the filler may be in the range of 1um - 150m,
more specifically, 3pm - 30pum.

[0085] The amount of filler may be determined in con-
sideration of a thermal expansion coefficient range and
a sufficient amount of the glass frit that is required. For
example, the amount of filler may be in the range of 5
parts by weight - 80 parts by weight, more specifically,
20 parts by weight - 60 parts by weight, based on 100
parts by weight of the total amount of glass frit and filler.
[0086] Each of the sealing materials 18 may further
include, in addition to the V*4, various other ions. For
example, each of the sealing materials 18 may further
include at least one ion selected from the group consist-
ing of V+5, Ba*2, Zn*2, Te*4, Fe*3, Cu*2, Nd*2, K*1 Sb*3,
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P+5, Ti*2, AlI*3, B*3, W+6, Sn+2, Bi*3, Ca*2, Si*4, Zr+4, and
Mg*2. However, each of the sealing materials 18 is not
limited thereto.

[0087] More specifically, each of the sealing materials
18 may further include V*3, Ba*2, Zn*2, and Te*4, or in-
clude a Ba*2, Zn*2, and Te*4.

[0088] Some of the ions included in each of the sealing
materials 18 can be induced from a reductant that reduc-
es V*3 included in the glass frit into V*4. For example,
Al*3, Sn*2, Mg*2, Cu*2, and Zn*2 can be induced from
Al, Sn, Mg, Cu, and Zn, each of which is a reductant that
reduces V*3 included in the glass frit into V*4, and is
added when a glass frit is manufactured. Meanwhile,
each of the sealing materials 18 can include a small
amount of an organic material induced from C (carbon)
that is used as a reductant that reduces V*5 into V*4.
[0089] A method of manufacturing the light emitting
device 10 described above according to an embodiment
of the present invention will now be described in detalil
with reference to FIGS. 3A through 3G.

[0090] Referring to FIG. 3A, a first substrate 21 on
which a plurality of light emitting units 23 are formed is
prepared. The first substrate 21 can be any substrate
that is used in various electronic devices, as described
above, and the light emitting units 23 can be organic light
emitting units, however, the light emitting units 23 are not
limited thereto. The light emitting units 23 can be manu-
factured using a commercially known method.

[0091] Referring to FIGS. 3B and 3C, a composition
for forming a sealing material 27 is provided to areas
where the sealing materials (see reference number 28
in FIG 3G) are to be formed on a second substrate 25.
The composition for forming a sealing material 27 are
provided to respectively surround the organic light emit-
ting units 23 after the first substrate 21 is coupled to the
second substrate 25. However, the areas where the seal-
ing materials are to be formed on the second substrate
are not limited to the areas shown in FIG. 3B and 3C.
FIG. 3B is cross-sectional view of FIG. 3C. The second
substrate 25 can be encapsulate substrate and can be
formed from glass or plastic materials.

[0092] The composition for forming a sealing material
27 can be the composition for forming a sealing material
including a glass frit having V*4 or the composition for
forming a sealing material including a glass frit having
V*5 and a filler as described above.

[0093] The composition for forming a sealing material
27 can be provided on the second substrate 25 using
various known methods, such as an inkjet printing meth-
od or a screen printing method.

[0094] The composition for forming a sealing material
27 may or may not include V*4. For example, when the
composition for forming a sealing material 27 includes a
glass frithaving V*4, the composition forforming a sealing
material 27 includes the V*4. However, when the com-
position for forming a sealing material 27 does notinclude
aglass frit having V*4, the composition for forming a seal-
ing material 27 may not include the V*4. In the latter case,
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the V*4 can be generated by a heat treatment as de-
scribed later.

[0095] Subsequently, the second substrate 25 to
which the composition for forming a sealing material 27
is provided is heat treated thereby forming heat-treated
composition for a sealing material 27’ as illustrated in
FIG. 3D.

[0096] Due to the heat treatment of the composition
for forming a sealing material 27, the composition for
forming a sealing material 27 can be formed in a film
having a predetermined shape, and some of the V*5 in
the composition for forming a seal sealing material 27
can be reduced to the V*4. In the specification, the term
"heat-treated composition for forming a sealing material"
is used to represent above changes after the heat treat-
ment of the composition for forming a sealing material
27. Accordingly, as illustrated in FIG. 3E, the coupling of
the first substrate 21 to the second substrate 25 can be
effectively performed. Further, as illustrated in FIG. 3F,
when electro-magnetic waves are applied as illustrated
in FIG. 3F, the electro-magnetic waves can be effectively
absorbed by V*4. As a result of the heat treatment, a
vehicle in the composition for forming a sealing material
27 can decompose.

[0097] The heat treatment can be performed in a re-
ducing atmosphere or an air atmosphere. The reducing
atmosphere can be an N, atmosphere or a hydrogen
atmosphere. Due the heat treatment, V*5 in the compo-
sition for forming sealing material 27 can be reduced into
V+4_In particular, when the glass frit does not include V*4
and the composition for forming a sealing material 27
does not include a reductant that reduces V*5 into V*4,
it is desired to perform the heat treatment in the reducing
atmosphere.

[0098] Whenthe composition for forming a sealing ma-
terial 27 includes the reductant, the heat treatment at-
mosphere is not always the reducing atmosphere. When
the composition for forming the sealing materials 27 in-
cludes areductant, such as Al, Sn, Mg, Cu, Zn, or C, the
reductant is oxidized and reduces V*5 into V*4 when the
heat treatment is performed.

[0099] The heattreatment temperature and heat treat-
ment time may be determined in consideration of a tem-
perature and time at which V*3 can be reduced into V*4
and a temperature and time at which the vehicle in the
composition for forming a sealing material can decom-
pose. For example, the heat treatment temperature and
heat treatment time may be in the range of 250°C -750°C,
more specifically, 350°C - 550°C , and 5 - 240 minutes,
more specifically, 10 -120 minutes, respectively.

[0100] Each of the heat-treated composition for form-
ing a sealing material 27’ as illustrated in FIG. 3D nec-
essarily includes V*4. The V* 4 can be V*4 included in
the glass frit itself, V+4 generated by reducing V*5 in the
glass frit with a reductant in the composition for forming
sealing materials during the heat treatment, or V+4 gen-
erated as a result of the heat treatment in a reducing
atmosphere of V*3 of the glass frit.
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[0101] Then, asillustratedin FIG. 3E, the first substrate
21 is coupled with the second substrate 25 so that the
heat-treated composition for forming a sealing material
27’ and the light emitting units 23 are interposed between
the first substrate 21 and the second substrate 25. At this
point, for example, each of the heat-treated composition
for forming a sealing material 27’ may surround each of
the light emitting units 23.

[0102] Then,asillustratedin FIG. 3F, electro-magnetic
waves 29 are irradiated on the heat-treated composition
for forming a sealing material 27’ to form a plurality of
sealing materials 28 as illustrated in FIG. 3G, which bond
the first substrate 21 to the second substrate 25 and re-
spectively seal the light emitting units 23.

[0103] The electro-magnetic waves 29 can be irradi-
ated on the heat-treated composition for forming a seal-
ing material 27’ through the first substrate 21 or the sec-
ond substrate 25. At this point, the V*4 in the heat-treated
composition for forming a sealing material 27’ absorbs
the electro-magnetic waves 29, so that the composition
is softened and/or melted by the resulting energy and
thus the sealing materials 28 are formed.

[0104] The electro-magnetic waves 29 may have a
wavelength of 200 nm - 10,000 nm so that the V*4 can
absorb the electro-magnetic waves 29. Accordingly, the
electro-magnetic waves 29 can be ultraviolet rays, visible
rays, or infrared rays. The electro-magnetic waves 29
can be provided using a laser or light-emitting lamp emit-
ting electro-magnetic waves in such a wavelength range.
However, electro-magnetic waves 29 can be provided
using other devices. For example, the electro-magnetic
waves 29 can be a laser ray with a wavelength of 810
nm. The glass frit may have a light transmittance of about
40% or less for light with a wavelength from about 650nm
to about 1000nm

[0105] As illustrated in FIG. 3F, according to the cur-
rent embodiment, the electro-magnetic waves 29 can be
selectively irradiated only on the areas where the sealing
materials 28 are to be formed. As a result, deterioration
of the light emitting units 23 occurring when the sealing
materials 28 are formed can be prevented.

[0106] The method of manufacturing a light emitting
device according to an embodiment of the presentinven-
tion has been described with reference to FIGS. 3A
through 3G. However, the method is not limited thereto.
[0107] A plurality of sealing materials of a light emitting
device according to an embodiment of the present inven-
tion can be formed by irradiation of electro-magnetic
waves. As such, the heat-treated composition for forming
a sealing material 27’ necessarily includes V+4. The V+4
included in the heat-treated composition for forming a
sealing material 27’ can be obtained using various meth-
ods as described below:

[0108] a) a composition for forming a sealing material
including a glass frit having V*4 can be used;

[0109] b) A heat treatment where V*5 can be reduced
into V*4 by a reductant that reduces V*5 into V*4 in a
composition for forming a sealing material; and
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[0110] c) V*5in a composition for forming a sealing
material can be reduced into V+4 by performing a heat
treatment in a reducing atmosphere.

[0111] At least one of a), b), and c¢) can be used. For
example, the composition for forming a sealing material
including a glass frit having V*4 is further subjected to a
heat treatment in a reducing atmosphere, so that V*5 in
the glass frit can be additionally reduced into V*4.
[0112] The present invention will be described in fur-
ther detail with reference to the following examples.
These examples are for illustrative purposes only and
are not intended to limit the scope of the present inven-
tion.

Example 1

A. Preparing of Glass Frit/Composition

[0113] 29.2 g of V,05, 5.2 g of ZnO, 14.7 g of BaO,
and 50.8 g of TeO, are mixed in a Pt melting pot, and
then heat treated at 800°C for approximately one hour in
an electric oven. The melted product that is obtained as
a result of the heat treatment is cooled and ball milled,
thereby obtaining a glass frit having an average particle
diameter of 2 um and a largest particle diameter of 10
wm. The glass frit includes V*5, Zn*2, Ba*2, and Te*4.
[0114] 50 g of the glass frit is mixed with 50g of Zr,
(WO,4)(POy), having an average particle diameter of
3pm and a largest particle diameter of 15 wm (product
name: ZWP, manufacturer: KCM Co.), and then a ther-
mal expansion coefficient of the mixture of the glass frit
and the Zry(WO,)(PO,), is measured using a thermal
mechanical analysis (TMA) apparatus. As a result, the
thermal expansion coefficient of the mixture of the glass
frit and the Zr,(WO,)(PO,), is approximately 50 x 107/
°C.

[0115] 50 g of a vehicle including an ethylcellulose-
based resin is added to the mixture of the glass frit and
the Zry(WO,)(PO,), and stirred, thereby obtaining a
composition for forming a sealing material.

B. Heat Treatment of a Composition

[0116] The composition for forming a sealing material
obtained from the manufacturing process described
above in step A of Example 1 is coated on a glass sub-
strate by a screen printing method to a width of 600p.m
and thickness of 30um, and then the coated result is heat
treated at 420°C for 4 hours in an N, atmosphere.

Comparative Example 1

[0117] A composition for forming sealing materials is
manufactured using the same method described in step
A of Example 1. Then, the composition for forming a seal-
ing material is heat treated in the same manner as in step
B of Example 1, except that an air atmosphere is used
instead of the N, atmosphere.

10

15

20

25

30

35

40

45

50

55

Measurement Example 1 - Light Transmission

[0118] A light transmission of the heat-treated compo-
sition for forming a sealing material (heat treatmentin an
N, atmosphere) obtained according to Example 1 and
the heat-treated composition for forming a sealing mate-
rial (heat treatment in an air atmosphere) obtained ac-
cording to Comparative Example 1 is measured by irra-
diating light with a wavelength of 400 nm to 1100 nm
through each of the glass substrates, and then a respec-
tive light transmission is measured using an UV-VIS
Spectrometer. The results are shown in FIG. 4. Referring
to FIG. 4, at a wavelength of 810 nm, the light transmis-
sion of the heat-treated composition for a forming sealing
material (heat treatment in an N, atmosphere) obtained
according to Example 1 is 17.5%, and the light transmis-
sion of the heat-treated composition for forming a sealing
material (heat treatment in an air atmosphere) obtained
according to Comparative Example 1 is 60.5%. That is,
it is found that the heat-treated composition for forming
a sealing material (heat treatment in an N, atmosphere)
obtained according to Example 1 effectively can absorb
visible-infrared light resulting from a reduction of a V+5
into V+4 as a result of the heat treatment in an N, atmos-
phere.

Example 2

[0119] Afirst glass substrate including an organic light
emitting unit that is manufactured by SDI Co., Ltd. is pre-
pared. A composition forming a sealing material is pre-
pared in the same manner as in step A of Example 1,
and then provided on a second glass substrate that func-
tions as an encapsulation substrate in the same manner
as in step B of Example 1. The second glass substrate
on which the composition for forming a sealing material
is provided is heat treated at 420°C for 4 hours in an N,
atmosphere to form a heat-treated composition for form-
ing a sealing material.

[0120] Then, the first glass substrate is coupled to the
second glass substrate such that the heat-treated com-
position for forming a sealing material respectively sur-
round the organic light emitting units, and then a laser
with a wavelength of 810 nm is irradiated on the heat-
treated composition for forming a sealing material to form
sealing materials.

[0121] FIG. 5is an image of a seal width of one of the
sealing material obtained from Example 2. Referring to
FIG. 5, the seal width of the sealing material is approxi-
mately 500p.m. As aresult, itis found that the heat-treated
composition for forming a sealing material absorbed the
laser and thus melted, so that the sealing materials are
formed.

Comparative Example 2

[0122] This experimentis performed in the same man-
ner as in Example 2, except that the composition for form-
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ing a sealing material is heat treated in an air atmosphere
instead of the N, atmosphere. As aresult, itis impossible
to achieve a formation of the sealing material by irradia-
tion of a laser with a wavelength of 810 nm on the sealing
materials, so that the first glass substrate and the second
glass substrate are not sealed. Such a result may result
from the assumption that V+4 is not sufficiently formed
by heat treatment in an air atmosphere and thus the laser
is not effectively absorbed.

Comparative Example 3

[0123] An organic light emitting device is manufac-
tured in the same manner as in Example 2, except that
an epoxy resin, which is an organic sealing material, is
coated on the second substrate instead of the composi-
tion for forming a sealing material, and then hardened to
form a sealing materials.

Measurement Example 2 - Lifetime Characteristics

[0124] The lifetimes of the organic light emitting devic-
es obtained according to Example 2 and Comparative
Example 3 are measured and shown in FIG. 6A and FIG.
6B, respectively. More specifically, the organic light emit-
ting devices were left to sit in a relative humidity of 85%
at 85°C for 300 hours, and the operation test of the or-
ganic light emitting devices is performed to measure the
lifetimes of the organic light emitting devices. FIG. 6A is
an image of the organic light emitting device obtained
according to Example 2, and FIG. 6B is an image of the
organic light emitting device obtained according to Com-
parative Example 3. By comparing FIGS. 6A and 6B,
dark spots were not substantially formed in the image of
FIG. 6A. Such a result may result from an assumption
that deterioration due to water did not occur due to the
sealing materials of the organic light emitting device ob-
tained according to Example 2. Accordingly, it is found
that a light emitting device according to an embodiment
of the present invention has a long lifetime.

[0125] According to embodiments of the present in-
vention, sealing materials can be formed absorbing elec-
tro-magnetic waves which can be selectively provided,
such as a laser or light-emitting lamp. Therefore, a dete-
rioration of a light emitting unit occurring when the sealing
materials are formed can be prevented. Further, the seal-
ing material according to embodiments of the present
invention has good sealing properties. Thus, a light emit-
ting device having a long lifetime can be obtained.
[0126] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by one of or-
dinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the present invention as defined by the following
claims.
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Claims

10.

11.

12.

13.

14.

15.

16.

A glass frit comprising vanadium in the form of V+4,
wherein the glass frit has a light transmittance 0f 50%
or less for light with a wavelength of 810nm.

A glass frit according to Claim 1, further comprising
at least one ion selected from the group consisting
of V¥5,Bat*2,Zn*2, Te™, Fe*3, Cu*2,Nd*2,K+1, Sb*3,
P*+5 Ti*2, AI*3, B*3, W+6, Sn*2, Bi*3, Ca*2, Sit4, Zr4,
and Mg*2.

A glass frit according to Claim 2, further comprising
V+5 | Bat2, Zn*2, and Te*4.

Aglassfritaccording to any preceding claim, wherein
at least part of V+4 is formed by reducing V*5 using
a reductant.

A glass frit according to Claim 4, further comprising
at lease one reductant selected from the group con-
sisting of Sn, Al, Mg, Cu, and Zn.

A glassfritaccording to any preceding claim, wherein
the light transmittance is 30% or less.

A glass frit according to Claim6, wherein the light
transmittance is 20% or less.

A glass frit according to one of claims 1 to 5, wherein
the glass frit has a light transmittance of 40% or less
for light with a wavelength from 650nm to 1000nm.

A glass frit according to Claim 8, wherein the glass
frit has a light transmittance of 30% or less for light
with a wavelength from 650nm to 1000nm.

A glass frit according to Claim 9, wherein the glass
frit has a light transmittance of about 20% or less for
light with a wavelength from about 650nm to about
1000nm.

Aglassfritaccording to any preceding claim, wherein
the glass frit is in the form a powder.

Aglassfritaccording to one of claims 1to 10, wherein
the glass frit is in the form of a paste.

Aglassfritaccording to one of claims 1 to 10, wherein
the glass frit is in the form of a sintered body.

A glass frit according to Claim 13, wherein the sin-
tered body is dark.

A glass frit according to Claim 13, wherein the sin-
tered body is substantially translucent.

A glass frit according to Claim 13, 14 or 15, wherein



17.

18.

19.

20.

21.

22,

23.

24,

25.

26.
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the V*4 exists in the glass frit in an amount from
0.0001wt% to 10wt%.

Aglassfritaccording toone of claims 13 to 16, where-
in the V*4 exists more on a surface of the sintered
body than the interior thereof.

Aglassfritaccordingtoone ofclaims 13to 17, where-
in the sintered body is formed by baking a paste form
of the glass frit.

A glass frit according to Claim 18, wherein the sin-
tered body is further heated by illuminating a laser
beam thereon, wherein the laser beam has a wave-
length from 650nm to 1000nm.

A glassfritaccording to any preceding claim, wherein
the presence of the V* 4 in the glass frit is detectable
by X-ray Photoelectron Spectroscopy (XPS).

Aglassfritaccording to one of claims 13 to 19, further
comprising at least one filler selected from the group
consisting of a zirconium-tungsten-phosphate
based filler, a zirconium-phosphate based filler, a
zirconium-based filler, an eucrytite-based filler, a
cordierite-based filler, alumina, silica, zinc silicate,
and aluminum titanate.

A glass frit according to Claim 21, wherein the filler
has an average particle diameter from 0.1um, to
30pm.

A glass frit according to claim 21 or 22, wherein a
thermal expansion coefficient of the glass frit is in
the range from 25 x 10-7/°C, to 95 x 10-7/°C.

A glass frit according to claim 13 or any claim de-
pendent on claim 13, further comprising at least one
resin selected from the group consisting of an acryl-
based resin, a methacryl-based resin, a vinyl-based
resin, an epoxy-based resin, a urethane-based res-
in, and a cellulose-based resin, and further compris-
ing at least one solvent selected from the group con-
sisting of terpinol, dihydro terpinol, butylcarbitolace-
tate, butyl carbitol, and 2,2,4-trimethyl- 1,3-pentadiol
monobutyrate.

A glass frit device comprising:

a glass plate comprising a surface; and

a glass frit according to any preceding claim,
wherein the glass frit forms a closed loop on the
surface of the glass plate.

A glass frit device according to Claim 25, wherein
the glass frit has light transmittance of 40% or less
for light with a wavelength of 810nm.
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27. A method of manufacturing a glass frit device ac-

cording to claim 25 or 26, comprising:

providing the glass plate comprising the surface;
forming a closed loop structure of a paste com-
position; and

heating the closed loop structure so as to form
the glass frit forming a closed loop on the sur-
face.

28. A method of making a display device, the method

comprising:

providing a glass frit device;

providing an intermediate device comprising a
substrate and an array of light emitting devices
formed on the substrate;

arranging the glass frit device and the interme-
diate device such that the glass fritis interposed
between the glass plate and the substrate, and
that the glass frit contacts the substrate while
surrounding the array; and

applying laser onto the glass frit so as to bond
the glass frit to the substrate.

29. A method according to claim 28, wherein the glass

frit has a light transmittance of the laser of 40% or
less.

. A display device comprising:

a first substrate a second substrate an array of
light emitting devices interposed between the
first substrate and the second substrate; and a
glass frit according to one of claims 1 to 24;
wherein the glass frit is interposed between and
bonds the first substrate to the second substrate.

31. Alightemitting device according to claim 30, wherein

the light emitting device comprises an organic light
emitting diode.
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